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1998 AP Calculus AB Free-Response Questions
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3. The graph of the velocity v(#), in ft/sec, of a car traveling on a straight road, for 0 <t < 50,
is shown above. A table of values for v(t), at 5 second intervals of time ¢, is shown to the right

of the graph.

(a) During what intervals of time is the acceleration of the car positive? Give a reason for
your answer.

(b) Find the average acceleration of the car, in ft/sec?, over the interval 0 < ¢ < 50.

(c) Find one approximation for the acceleration of the car, in ft/sec?, at t = 40. Show the

computations you used to arrive at your answer.

50
(d} Approximate f v(t) dt with a Riemann sum, using the midpoints of five subintervals of

equal length. Using correct units, explain the meaning of this integral.

GO ON TO THE NEXT PAGE

Copyright ©)1998 College Entrance Examination Board. All rights reserved.
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The College Board
Advanced Placement Examination
CALCULUS AB
SECTION II
Time— 1 hour and 30 minutes
Number of problems —6
Percent of total grade — 50

REMEMBER TO SHOW YOUR SETUPS AS DESCRIBED IN THE GENERAL INSTRUCTIONS.

1. A particle moves along the y-axis with velocity given by v(r) = ¢ sin(¢?) for ¢ 2 0.
(a) In which direction (up or down) is the particle moving at time ¢ = 1.5 ? Why?

{b) Find the acceleration of the particle at time ¢ = 1.5. Is the velocity of the patticle increasing at t = 1.5 7
Why or why not?

{c) Given that y(f} is the position of the particle at time ¢ and that (0) = 3, find 3(2).

(d) Find the total distance traveled by the particle from r = 0 to ¢ = 2.

GO ON TO THE NEXT PAGE

Copyright © 1999 College Entrance Examination Board and Educational Testing Service. All rights reserved.
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2. Two runners, A and B, run on a straight racetrack for 0 < ¢ < 10 seconds. The graph above, which consists of
two line segments, shows the velocity, in meters per second, of Runner A. The velocity, in meters per second, of

Runner B is given by the function v defined by v(¢) = % .
(a) Find the velocity of Runner A and the velocity of Runner B at time ¢ = 2 seconds. Indicate units of

measure.

(b) Find the acceleration of Runner A and the acceleration of Runner B at time ¢ = 2 seconds. Indicate units
of measure.

(¢) Find the total distance run by Runner A and the total distance run by Runner B over the time interval
0 <t £ 10 seconds. Indicate units of measure.

Copyright © 2000 College Entrance Examination Board and Educational Testing Service. All rights reserved.
AP is a registered trademark of the College Entrance Examination Board.

GO ON TO THE NEXT PAGE.
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afr)
(ft/sec?)

15 (2,15) (18, 15)

»~ ¢t (seconds)

~151
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3. A caris traveling on a straight road with velocity 55 ft/sec at time ¢t = 0. For 0 € ¢ < 18 seconds, the car’s
acceleration a(t} , in ft/sec?, is the piecewise linear function defined by the graph above.

(a) Is the velocity of the car increasing at ¢t = 2 seconds? Why or why not?
(b) At what time in the interval 0 < 1 < 18, other than ¢ = 0, is the velocity of the car 55 ft/sec? Why?

{c) Onthe time interval 0 < ¢ < 18, what is the car’s absolute maximum velocity, in ft/sec, and at what time
does it occur? Justify your answer.

(d) At what times in the interval 0 < ¢ < 18, if any, is the car’s velocity equal to zero? Justify your answer.

END OF PART A OF SECTION I

Copyi'i ght © 2001 by College Entrance Examination Board. All rights reserved.
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3. An object moves along the x-axis with initial position x(0) = 2. The velocity of the object at time ¢ = 0

is given by v(1) = sin(%t )

{(a) What is the acceleration of the object at time ¢t = 47
(b) Consider the following two statements.

Statement I:  For 3 < ¢ < 4.5, the velocity of the object is decreasing.
Statement II: For 3 < ¢ < 4.5, the speed of the object is increasing.

Are either or both of these statements correct? For each statement provide a reason why it is correct or not
correct.

(¢} What is the total distance traveled by the object over the time interval 0 < ¢ < 4 ?
(d) What is the position of the object at time ¢ = 4 ?

END OF PART A OF SECTIONII

Copyright ® 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placemnent Program and AP are registered trademarks of the College Entrance Examination Board.
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2. A particle moves along the x-axis so that its velocity at time ¢ is given by
;2
vi)= —-(t+1) sin(T .

Attime ¢ = 0, the particle is at position x = 1.

(2) Find the acceleration of the particle at time ¢ = 2. Is the speed of the particle increasing at r = 2 ? Why or
why not?

(b) Find all times ¢ in the open interval 0 < ¢ < 3 when the particle changes direction. Justify your answer.
(c) Find the total distance traveled by the particle from time ¢ = O until time 7 = 3,

(d} During the time interval 0 < ¢ < 3, what is the greatest distance between the particle and the origin? Show
the work that leads to your answer.

Copyright © 2003 by College Enirance Examination Board, All rights reserved,
Available to AP professionals at apcentral.collegeboard.com and to
students and parents at www.collegeboard.com/apstudents.
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3. A particle moves along the y-axis so that its velocity v attime ¢ = 0 is given by v(¢) =1 - tan™? (e’ ) At time
t = 0, the particleis at y = =1. (Note: tan™' x = arctan x)
(a) Find the acceleration of the particle at time ¢ = 2,
{b) Is the speed of the particle increasing or decreasing at time ¢t = 2 ? Give a reason for your answer.

(c) Find the time ¢ 2 O at which the particle reaches its highest point. Justify your answer.

(d) Find the position of the particle at time ¢ = 2. Is the particle moving toward the origin or away from the
origin at time ¢ = 2 7 Justify your answer,

END OF PART A OF SECTION NI

Copyright © 2004 by College Entrance Examination Board. All rights reserved,
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5. A caris traveling on a straight road. For 0 € ¢ < 24 seconds, the car’s velocity v(f), in meters per second, is
modeled by the piecewise-linear function defined by the graph above.

24 24
(a) Find Jo ¥(t) dr. Using correct units, explain the meaning of -[0 v(t) dt.

(b) For each of v'(4) and v'(20), find the value or explain why it does not exist. Indicate units of measure.

(¢) Let a(r) be the car’s acceleration at time ¢, in meters per second per second. For 0 < ¢ < 24, write

piecewise-defined function for a(t).

(d) Find the average rate of change of v over the interval 8 < ¢ < 20. Does the Mean Value Theorem guarantee
avalue of ¢, for 8 < ¢ < 20, such that v'(c) is equal to this average rate of change? Why or why not?

WRITE ALL WORK IN THE TEST BOOKLET.

Copyright @ 2005 by College Entrance Examination Board. All rights reserved.
Visit apeentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).

GO ON TO THE NEXT PAGE.



2006 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION II, Part B
Time —45 minutes
Number of problems—3

No calculator is allowed for these problems.

! 0 10 [ 20 ] 30 | 40 | s0 { 60 | 70 | 80
{seconds)
V(1) 5 14 | 22 | 20 | 35 | 40 | 44 | 47 | a9
(feet per second)

4. Rocket A has positive velocity v(¢) after being launched upward from an initial height of 0 feet at time 7 = 0

seconds. The velocity of the rocket is recorded for selected values of ¢ over the interval 0 < ¢ < 80 seconds, as
shown in the table above.

(a) Find the average acceleration of rocket A over the time interval 0 < t < 80 seconds. Indicate units of
measure.
. . . . 70 . , Ca
(b} Using correct units, explain the meaning of jm v(z) dt in terms of the rocket’s flight. Use a midpoint

70
Riemann sum with 3 subintervals of equal length to approximate -[10 (1) dt.

(c) Rocket B is launched upward with an acceleration of a(r) = 3 feet per second per second. At time
Jr+1 P

t = 0 seconds, the initial height of the rocket is O feet, and the initial velocity is 2 feet per second. Which of
the two rockets is traveling faster at time ¢ = 80 seconds? Explain your answer.

WRITE ALL WORK IN THE PINK EXAM BOOKLET.

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents {for students and parents).
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CALCULUS AB
SECTIONII, Part B

Time-—45 minutes
Number of problems—3

No calculator is allowed for these problems. .

4. A particle moves along the x-axis with position at time t given by x(t} = ¢ sins for 0 < 1 < 2.
(a) Find the time ¢ at which the particle is farthest to the left. Justify your answer.

(b) Find the value of the constant A for which x({r) satisfies the equation Ax”(¢) + x’(t) + x{t) = 0
for 0 <r <2
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CALCULUS AB
SECTIONII, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.

v(i)
1

0.3

0.2 /
01

0 -t

-0.1

-0.2

1. Caren rides her bicycle along a straight road from home to school, starting at home at time ¢ = 0 minutes and
arriving at school at time ¢ = 12 minutes. During the time interval 0 < 7 < 12 minutes, her velocity v(r), in
miles per minute, is modeled by the piecewise-linear function whose graph is shown above.

(a) Find the acceleration of Caren’s bicycle at time ¢ = 7.5 minutes. Indicate units of measure.

12
{b) Using correct units, explain the meaning of -,.0 [v(t}| @t in terms of Caren’s trip. Find the value of

[ .

0

(¢) Shortly after leaving home, Caren realizes she left her calculus homework at home, and she returns to get it.
At what time does she turn around to go back home? Give a reason for your answer.

(d) Larry also rides his bicycle along a straight road from home to school in 12 minutes. His velecity is modeled
by the function w given by w(t) = %sin (%t) where w() is in miles per minute for 0 < ¢ £ 12 minutes.

Who lives closer to school: Caren or Larry? Show the work that leads to your answer.

WRITE ALL WORK IN THE PINK EXAM BOOKLET.

© 2009 The College Board. All rights reserved.
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